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An eleetrennsical insnument, which is used for 
*e oeannem <rf tissue In the presem* of an electrically, 
conduciive flud medmm. comprises an instnimem shaft 

<'2) u one end of the 
shaft. The electrode assembly (12) comprises a tissue 
trcaonem electrode (14) and a tetum elecoode (18) which is 
eiecmcaiiy insuUied riwn die tissue iieamient electiode by 
M^'lf ™ i«"l«i«> member ( I6X TT>e tissue treatment 
electrode (14) is exposed at the distal end ponion of die 
instniroem (10), and the lenmi electrode (18) has a fluid 
comaa surface spaced proximally from the exposed end 

nJ^i^ *"!5n 'JT^ ^ insuluion member 
(I6X TT* exposed end of die tissue ireatmem electrode (14) 
IS cmuiuied by a pluiality of tissue tieatmem filamentary 
mei^ made of an electjie.Uy.conductive materiaL 
fte filamemaiy memben being electrically connected to a 
common electrical supply oonducnr. w a 
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AM UNDERWATER ELECTROSURGICAL INSTRUMENT 



This inveimon relates to an eiecirosurgicai instrument tor the treatment of tissue in the 
presence of an eleciricaliy conductive fluid medium, to electrosurdcal apparatus including 

5 such an instrument, and to an elearode unit for use in such an instrument. 

Endoscopic eleorosurgety is useful for treating tissue in cavities of the body, and is 
m»maBy penbimed in the presence of a distension medium. When the distension medhmi 
is a Hquid. this is commonly referred to as underwater electrosurgery. this term denoting 
dectrosurgery in which living tissue is treated uang an electrosurgical instrumcm with a 

10 ueaunent electrode or electrodes immersed in liquid at the operation site. A gaseous 
medium is commonly employed when endoscopic surgery is performed in a distensible 
body cavity of larger potemial vohime in which a liquid medhmt would be unsuitable, as 
is often the case in laparoscopic or gasiroemerological surgpiy 

15 Underwater surgery is commonly performed using endoscopic techniques, in which the 
endoscope itself may provide a conduit (commonly referred to as a working chamiel) for 
thepassBMofandectrode. Altemativdy. the endoscope may be specifically adapted (as 
in a reseaoscope) to indude means for mourning an dectrode. or the electrode may be 
introduced into a bodv cavity via a separate access means at an angle whh respect to the 
•'O endoscope - a tedmique commonly referred to as triangulation. These variations « 
tedmique can be subdivided by surgical spedaiity, where one or other of the tecmnques 
haspaiticular advamages given the access route to the spedfic body cavity. Endoscopes 
whh mtegral working channds. or those duiranerised as resectoscopes. are genenlly 
emploved when the body cavity may be accessed through a natural openmg - sudi as the 
75 cemcal canal to access the endometrial cavity of the uterus, or the urethra to access the 
prostate gland and the bladder. Endoscopes spedficaUy designed for use m the 
endometrial cavirv are referred to as hysteroscopes. and those designed for use m the 
urinarv tract indude cystoscopes, urethroscopes and reseaoscopes. The procedures of 
™«hd resecBon or vaporisation of the prostate gland are knimn as TU^ 
30 resoeaivdv. When there is no namral body opening through which an endoscope may be 
passed, thetedmiqueof triangulation .s commonly employed. Ttiangulation .s commonly 
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used during undenvaier endoscopic surgeiy on joim cavities such as the knee and the 
shotJder. The endoscope used in these procedures is commonly referred to as an 
anhroscope. 

5 Elecirosurgciy is usually carried out using either a monopolar instrument or a bipolar 
insotimcnt. With monopolar electrosurgery. an active electrode is used in the operating 
region, and a conductive return plate is secured to the patient's skin. With this 
amagemem. currem passes from the active electrode through the patient's tissues to the 
eaemal return plate. Since die panem represents a significant poirion of the circuit, input 

10 power levels haveto be high (typically 150 to 250 watts), to compensate for the resistive 
current Umtiing of the patient's tissues and. in the case of underwater electrosurgery. 
power losses due to the fluid medium which is rendered partially conductive by the 
presence of blood or other body fluids. Using high power with a monopohir anangemeot 
is also hazardous, due to the tissue heatmg that occurs at the return plate, which can cause 

15 severe skin bums. There is also the risk ofcapadtive coupling between the instmmem and 
patient tissues at the entry potra imo the body cavity. 

W;ith bipolar electrosurgery, a pair of electrodes (an active electrode and a renim 

electrode) are used together at the tissue application site. This arrangemem has 
20 aovamages nrora the safcoy siandpoinL due to the relative proximity of the two elecu-odes 

so that radio frequency currents are limited to the region between the electrodes. 

However, the depth of eSea is direcdy related to the distance between the two electrodes; 

and. in appUcations requiring very small electrodes, the imer-electrode spacing becomes 

veiysmafl. thereby limiting tissue efea and output power. Spacing the electrodes fiirther 
25 apan would often obscure vision of the application site, and would require a modification 

in surgical tedmique to ensure correa contaa of both electrodes with tissue. 

There are a mimber of variations to the basic design of the bipolar probe. For example. 
U.S. Patem Specification No. 4706667 describes one of the fundamentals of the design, 
30 namely dm the ratio ofthecomaa areas ofthereoiro electrode and of the active electrode 
is greater than 7: 1 and smaller than 20: 1 for cutting purposes. This range relates only to 
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cuiting electrode configuraoons. When a bipolar instrument is used for desiccation or 
coagulation, the ratio of the contact areas of the two electrodes may be reduced to 
approximately 1 . 1 to avoid diSerential electrical stresses occurring at the comaa between 
the tissue and the electrodes. 

5 

The eteorical junction between the return eiearode and tissue can be supported by wetting 
of the tissue by a conductive sohition such as normal saline. TWs ensures that the surgical 
eSea is Hmhed to the needle or active electrode, with the electric dram between the two 
electrodes being completed by the tissue. One of the obvious limhations with the design 
10 is thai the needle must be completely buried m the tissue to enable the rcnim electrode to 
complete the circuit. Another problem is one of the orientation: even a relatively smaU 
change in applicarion angle from the ideal perpendicular contact with respect to the tissue 
surfittc. Witt change the contact area ratio, so that a surgidal effect can occur in the tissue 
in contact with the return electrode. 

15 

Cavity distension provides space for gaining access to the operation site, to improve 
visuaBsanoa and to aUow for roanipulaiion of instruments. In low volume body cavities, 
particularly where it is desirable to distend the cavity under higher pressure, Uquid rather 
than gas is more commonly used due to beaer optical characteristics, and because it 
20 washes blood away from the operative site. 

Convemional underwater decaosurgery has been performed using a non-conductive Uquid 
(such as 1.5% glycine) as an irrigant. or as a distension medium to eliminate electncal 
conducnon losses. Qycine is used in isotonic concemrations to prevent osmotic changes 
25 in the blood when imra-vascular absorption occurs. Inthecourseof an operation, veins 
may be seveml, with resuham infijsion of the liquid i«o the drculatioa which could c«^ 

among other things, a dihition of serum sodfaim which can lead to a comftion known as 

water imoxicaxion. 

30 The appBcams have found that it is possible to use a conductive liquid medium, such as 
normal satoe. in underwater endoscopic elecirosurgery in place of non-conductive. 
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dearohrte-free solutions. Ntwnial saline is the prefen-ed distension tnedium m underwater 
endoscopic surgery when elearosurgery is not contemplated, or a non-electrical tissue 
eSfeci such as laser treatment is being used. Although normal sabne (0.9%w/v. 1 SOnunoW) 
has an electrical conductivity somewhat greater than that of most body tissue, ii has the 
5 advantage that displacement by absorption or extravasation firom the operative ate 
produces little physiological effect, and the so-called water imoxicaiion eflfects of non- 
conductive, eiectrolyte-free solutions are avoided. 

Carbon dioxide is the preferred gaseous distension medium, primarily because of its non- 
1 0 toxic nature and high water solubility. 

In endoscopic procedures in which the distension medhrai is a gas. the appUcants have 
found that it is possible to use an electrically-conduaive gas (such as argon) in place of 
carbon dioxide. Argon is conductive when excited imo a discharge state, and has been 
15 employed in both endoscopic and conventional monopolar decirosurgery as a method of 
increasing the distance between the tissue and the insinimeitt, by providing a cond^ 

path between the two when high voltage dectrosurgical oupuu such as spray or fiilguiate 
are being used. The high voltages used in this appUcation result in a very low penetration 
of the elecirosurgical effeo imo the tissue, making the technique only suitable to control 
20 bleeding from multiple small blood vessels. This allows the surgeon to stanch bleeding 
from multiple sites in a surgical wound using a rapid "painting" technique, rather than 
applying elearosurgery to each individual bleedins site. The argon gas is deUvered 
through a hoUow surgical instrument, and passes over the monopolar electrode exposed 
atthetipoftheinstrumemasastream. This produces a region at the operative she which 
25 isrichinargoaandwhicbcomributesiothedisiensionofthe bodycavity. Highvohage 
monopolar dectrosurgical outputs are undesirable in endoscopic surgery, because of the 
risks of damaging structures outside the fidd of vision, by diher capadtwe or direa 
coupling to a po^on of the instrument remote from the operative site often outside the 
fidd of viaon of the operator. 

30 
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Tne apiHicams have developed a bipolar instniment suitable for underwater decirosurgeiy 
using a conductive liquid or gaseous medium. TWs elecirbsurgical instrument for the 
treamem of tissue in the presence of a fiuid medium, comprises an instrument body having 
a handpiece and an instrument shaft and an electrode assonbly. at one end of the shaft. 
5 The electrode assembly comprises a tissue treatment electrode which is exposed at the 
extreme (fistal end of the insuument. and a return dectrode which is dectrically insulated 
ftom the tissue treatment electrode and has a fluid contaa surface spaced proximally firom 
the exposed part of the tissue treatment dectrode. In use of the instrument, the tissue 
treatroem dectrode is applied to the tissue to be treated whilst the return dectrode. bdng 
1 0 spaced proximaUy from the exposed pan of the tissue treaimem dectrode. is normally 
spaced from the tissue and serves to complete an dectrosurpcal current loop from the 
tissue treaunem dectrode through the ussue and the fluid medium. This dectrosurgical 
instrument is described in the spedficaiion of the appUcants" co-pending British Paiem 
Application No. 9S12S89.8. 

15 

The dectrode sirucnire of this instrument, in combination with an dectrically conductive 
fluid medmro largely avoids the problems experienced with monopolar or bipolar 
decirosurgery. In particular, input power levds are much lower than those generdly 
necessary with a monopolar aiiangement (typicaUy 100 waits). Moreover, because of the 
20 rdativdy large spadng between its dectrodes. an improved depth of effect is obtained 
compared with conventiond bipolar airangemem. 

The aim of the invention is to provide an improved dectrosurgical instrument of this type. 

25 The presem invention provides an dectrosurgical instrument for the treatmem of tissue in 
the presence of an dectricaUy^onductive fluid medhan. the instrumcm comprising an 
insmmiem shaft, and an dectrode assembly at one end of the shaft, the dectrode assembly 
comprising a tissue treatmem dectrode and a return dectrode which is electrically 
insulated from the tissue treatmem dectrode by means of an insularion member, the tissue 
30 treatment dectrode bdng exposed at the distal end portion of the instrument, and the 
return decm)dc having a fluid comaa surnu* spaced prtwim^ 
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the tissue treatment elearode by the msuiation member, wherein the exposed end of the 
tissue treatment eiectrode .s constituted by a piuraiity of tissue treatment filame«aiy 
members made of an electrically-conductive material, the filamentary members bemg 
electiically comicaed to a common electrical supply conduttor. 

^ The return electrode is spaced from the tissue treatment electrode so thaL in use, it does 
not comaa the tissue to be treated, and so that the electrical circuit is always completed 
by the conduoive fluid, and not simply by arcing between the electrodes. Indeed, the 
axranaement is such that arcing bet>.een the adjacent paru of the electrode assembly « 

10 avoided, thereby ensuring that the tissue treatment electrode can become enveloped « a 
vaoour pocket so that tissue entenng the vapour pocket becomes the preferred path for 
cu^t to flow back to the return electrode via the conductive fluid. 

The electrosuruical instrument of the invention is useful for dissection, resection, 
15 vaporisation, desiccation and coagulation of tissue and combinations of these 

whhpanicuiarappficationinhysteroscopic surgical procedures. Hysteroscopic operaivc 
p^oceduresmavindude: removal of submucosal fibroids, polyps and malignamneopU^^ 
resection of congenital uterine anomalys such as septum or subseptum; divis«>n of 
synechiae (adhesiolysis); ablation of diseased or hypertrophic endometrial ossue; and 
20 haemosiasis. 

TU ot inv»»on is ISO u»lU for d»s«»on. r^coo- 

4.to»=. «Kl C03Sito«« of a™. »«i con>bi.»^^ 

,5 pld»«p-fbn«doniotesof.b.bod,W.db»ta««-*«i.^^^ 

^,„^m»i^^: p«»aorcompl«.m=»c«o«yof*ek~)~«"»*^ 
p^ -.^ 6»mc«s or r«».«s 
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i„„..ric«lar«iteions.6««"«l'e«io»'l»W'^ 

dlslomion. sibhmiion ot rq.e.itiv. mess tajiny .o »>y mWaed joira of *e b dy. 
dis«„,,„, eito « of to prolp^. or as pm of a spm.1 fcion «a . 

Sbraajoim fa !in«to purposes; acisioK ot(Bse»ed Tissue; ai»i 

The tasmn^m of im«mo. is dso >«fcHo, dis.»»i«u r«^^ 
d»c«io» «rf co^ulsio,. of Ussue a»d con«»io»s of d-s. 
,0 .ppiicsoon i« urological endoscopic (ured^scop,, c,s«.scop,. umerosco^ 
„„,uoscopv,»dpen«u»eoussur«,y UroloiM procedure, n«y i.Kl»de. decoo- 
v»^ofd«p,os«.esUnd.EVAP>»>doU«v«i-»=fa«P.ocedurecou»po* 

;*^„«u«««d«lr.secuonof.heprosm.m«P)i.«lu*.8.b«"o.to^^ 
^.ial of prosm. 8l»d b, . percuu.«ous or pe.ur«W roure wheU>er 

,5 pe,fbr.nedforbeni^or»-i^ais..se;™»ur«hr-.rper=»«ou.rc^ 

d„ ^eyeris. „^ ■» U» urolo^ -"^^ 
^ ^ ™e.»«; di^ion of s^urre. » d« ™« .ris. ss d« P»~ 

j^,PU^ur«er.u,e»..o.i6ce.bWd.nec.corur«br.co,r.a»uofure«^^ 

,„ «.i=.«of«^di«.ucui.r.c,s.op.«,proc.*™«-^P«>-''°'-^^ 
««p,'d,ste»n;d«ru* induced shrin^ofpeivicaoor. 

for bl«lder necic desee.«; excision of di«»«l to..; »d 
S.,^,«c«hu..usi,d.ins..u»e«ofd»inve«i».i«M.i«^^^ 

^_^be.„.^J^^- 
cavitv Of soace inav be distended dunng tbe proceoure usu^i 

ofcolc^Mdsuchess.ii.^so.u-ou.o™"--^'^-*' -""^"^ 
„ ^ include .i™d,««u..iewin. of desire Vie en endoscope or us^ en 

visualisanon means. 
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In a preferred embodiment a plurality of separate, inrnvidual filaments connttute the 
fiiamemary members. Advantageously, the filametus each have a ieneth lying within the 
range of nom 0.5 mm to 5 nmt in which case the instrument is iiscd for tissue removal by 
vaporisatioa Preferably, the filaments each have a diameter lying within the range of from 
S O.OS mm to 0.3 mm. 

Ahemativdy. a sinde coiled fiiamem constitutes the filamentary members, the coils of the 
filamem constituting the filamentary mead)ers. 

10 Preferably, the filamentary members extend longitudinally fiwm the extreme distal end of 
the instrument. />Jiemativeiy. the filamentary metid)ers extend laterally through a cut-out 
formed in a ade surwce of the insulation member ad}acent to the distal end thereof 
Conveniently, the remm dectrode is formed vmh a hood-Bke extension which extends over 
the surfiice of the insulation mend>er wmch is oppoute the cut-out. 

15 

In another preferred embodiment, the fiiamemary members are mourned within the 
insulation member in such a manner that they are axially movable relative to the insulalkm 
member between a first operating poshion. in which they extend partially firom the 
insulation member, and a second operating position, in which they extend fiiHy from the 
20 insulation member. In this case, the instrument can be used for tissue removal by 
vaporisation when the fiiaroems are in the first operating position, and for desiccation when 
the filaments are in the second operating position. 

Advantageously, the common dectrical supply conduaor is a central conduaor, the 
25 insulation member surrounding the central conductor. 

The fiiamemary members may be made from a precious metal sudi as platinum or from a 
platinum alloy such as platinum/lridhim. platinum/tungsten or plannum/cobali. The 
fiiamemary members could also be made of ningstea The insulation member may be made 
30 of a ceramic material, siUcone rubber or glass. 
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Where the filamemary members are separate individual filaments, they may each have a 
leimh lying within the range of from 5 mm to 1 0 mm. In this case, they may be made of 
stainless steel. 

5 In yet another preferred embodiment, the insulation member is formed with at least one 
wing, the or each wing extending distaliy from the insulation member to project beyond 
the tissue treatroem electrode. Preferably, the insulation member is formed with a pair of 
diametrically-opposed wings. 

10 The invention also provides an elearode umt for an electrosurgical instrument for the 
ireaxmem of tissue in the presence of an electrically-conductive fluid medhim. the electrode 
unit comprising a shaft having at one end means for connection to an instrument handpiece, 
and, mounted on the other end of the shaft, an electrode assembly comprismg a tissue 
treatment electrode and a reuim electrode which is electrically insulated from the tissue 

15 trcaancmdcctiode by means ofaninsularionraenAcr, the tissue treanncmd 

exposed at the distal end portion of the insnumcm, and the return electrode having a fluid 
comaa surfecc spaced proximaUy from the exposed end of the tissue treatment electrode 
by the insulation member, wherein the exposed end of the tissue treatment electrode is 
constimted by a plurality of tissue treatment filamentary members made of an electncally- 

20 conductive material, the filamentary members being electrically connected to a common 
electrical supply conductor. 

The invention fiirthcr provides electrosurgical apparatus comprising a radio frequency 
generator and an electrosurgical instnimem for the treatment of tissue in the presence of 
25 an electrically-conductive fluid medhim. the instnmtent comprising an instrument shaft, and 
an dcctrodc assembly at one end of the shaft, the electrode assembly comprising a tissue 
treatment electrode and a return electrode which is electrically insulated from the tissue 
treament dearode by means of an insulation menAcr. the tissue treatment electrode being 
exposed at the distal end portion of the instrument, the rcmm electrode having a fluid 
30 contact suifece spaced proximally from the exposed end of the tissue ucatmcnt electrode 
by the insulation member, and the radio frequency generator having a bipolar output 
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connected to the eiecirodes. wherein the exposed end of the tissue treatment eiectrode is 
constiruied by a plurality of tissue treatment filamentary members made of an eiectncaily- 
conduciive material, the fuamentary members being eieciricaliy connected to ine radio 
frequency generator by a common electric supply conduaor. 

5 

Advantageously, the radio frequency generator includes comrol means for vaiying the 
output power delivered to the electrodes, the control means being such as lo provide 
output power in first and second output ranges, the first output range being for powering 
the electrosurgical instrument for tissue dessication. and the second output range being for 
10 powering the electrosurgical instrument for tissue removal by vaporisation Preferably, the 

first output range is from about 1 50 volts to 200 volts, and the second output range is from 

about 250 volts to 600 voits. the voltage being peak voltages. 

The invention will now be descnbed in greater detail, by way of example with reference 
1 5 to the drawings, in which:- 

Figure 1 is a diagrairanaric side elevation of an electrode assembly at a distal end of a first 
form of elearode unit consiruaed in accordance with the invention; 

20 Figure 2 is a graph illustrating the hvsteresis which exists between the use of the elearode 
unit of Figure I in desiccating and vaporising modes: 

Figure 3a is a diagrammatic side elevation of the first electrode umt. showing the use of 
such a unit for tissue removal by vaporisation; 

Figure 3b is a diagrammatic side elevauon of the first elearode unit, showing the use of 
such a unii for tissue desiccation; 

Figures 4a to 4c are diagrammatic side elevauons of the elearode assembly of a second 
30 form of electrode unit construaed in accordance with the invention; 
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Fieurcs 5a and 5b are diagrammauc side elevations of the eiecirode assembly of a third 
form of electrode unit construaed in accordance with the invention; 

Figures 6a and 6b arc diagrammatic side elevations of the electrode assembly of a fourth 
5 fonn of electrode unit constructed in accordance with the invention; 

Fisures 7a and 7b are diagrammatic side elevations of a fifth fonn of electrode unit 
constructed in accordance with the invention; . 

1 0 Figure S is a diagrammatic side elevation of a sbah form of elearode unit constructed in 
accordance with the invention; 

Figure 9 is a cross-seaion taken on the line A-A of Figure 8; 

1 5 Figure 10 is a diagrammactic side elevarion of a seventh foim of electrode unit consnucted 
in accordance with the invention; 

Figures lla to U d are diagrammatic side elevations of further forms of electrode unit 
constructed in accordance with the invention; and 

20 

Figure 12 is a diagram showing an elearosurgical apparatus construaed in accordance 
with the invention. 

Each of the electrode units described below is miended to be used with a conductive 
25 distension medium such as normal sahne. and each unit has a duai^^ 

the conductive medhmi acung as a conduaor between the tissue being treated and one of 
the electrodes, hereinafter called the return elearode. The other elearode is applied 
directly to the tissue, and is hereinafter caUed the tissue treatment (active) electrode. In 
many cases, the use of a liquid distension medwm is preferable, as it prevents excessive 
30 electrode teinperatures in most drcumstances. and largely elimiM 
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Referring to the drawings. Figure !2 shows electrosurgicai apparatus including a 
generator I having an output socket 2 providing a radio frequency (RF) output for an 
insaument in the form of a handpiece 3 via a connection cord 4 Activaiion of the 
generator I may be performed from the handpiece 3 via a control connection in the cord 
5 4. or by means of a fooisv/itch unit 5. as shown, connected separately to the rear of the 
generator 1 by a footswiich connection cord 6. In the Ulustrated embodiment, the 
footswiich unit 5 has two footswitches 5a and 5b for selecting a desiccation mode and a 
vaporisation mode of the generator I respectivdy. The generator from panel has push 
buttons 7a and 7b for respectively setting desiccation and vaporisation power levels, which 
10 are indicated m a display 8. Push buttons 9a are provided as an alternative means for 
selection between the desiccation and vaporisation modes. 

The handpiece 3 mounts a deuchabie electrode unit E. such as the electrode units El to 
Ell to be described bdow. 

15 

Figure I shows the first form of electrode unit El for detachable fastening to the 
decDOSurgicai instrument handpiece 3. the electrode unit comprising a shaft 10, wWdi is 
constituted by a semi-flexible tube made of stainless steel or phynox electroplated in 
copper or gold, with an deorode assembly 12 at a distal end thereof At the other eiid 
20 ( not shown) of the shaft 10. means are provided for comiecting the decirode unit El to 
a handpiece both mechanically and dectrically. 

The RF generator 1 (not shown in Figure I) ddivers an dearo-surgical cuirem to the 
dearode assembly 12. The generator indudcs means for varying the ddwered output 
25 power to suit different dearosurgical requiremems. The generator may be as described 
in the spedficaiion of our co-pending British Patent Application 9512888.0. 

The dectrode assembly 1 2 mdudes a cemraL tissue treatmem (active) dectrode 1 4 in the 
foroofabn^hdectrode. The active dectrode 14 is connected to the generator 1 via an 
30 mte«l cemral conduaor 1 4a and a central copper conduaor (not shown, posit««ed 
v^thinthehandoieceoftheinstttnnent. Thebtushdecoode 14 U constituted b>' a phaafaty 
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of niamems of nn^ea the niaments having diameters lying in the range tirom O.OSnun to 
OJnun. A tapered ceramic insulation sleeve 16 surrounds the conduaor 14a. A return 
electrode 18. which is constituted by the distal end ponion of the shaft 10. abuts the 
proximal end of the sleeve 16. An outer insulating coating 20 surrounds the proximal 
5 ponion of the shaft adjacent to the return electrode 18. The coating 20 would be 
polyvinyUdene fluoride, a polyimide. polytetrafuoroeth^dene. a polyolefin. a polyester or 
ethylene tetrafiuoroethylene. 

By varyiiQ the output of the generator 1. the electrode unit El of Figure I can be used for 
10 tissue removal by vaporisation, or for desiccation. Figure 2 illustrates how the RF 
generator 1 can be comroHed to take advantage of the hysteresis which exists between the 
desiccation and the vaporising modes of the electrode unit El. Thus, assuming the 
electrode assembly 12 of the unit EI is inmiersed in a conductive medium such as saline, 
there is an inhial impedance "r" at point "O", the magnitude of which is defined by the 
1 5 geometry of the electrode assembly and the electrical conductiviiy of the fluid medhm 
The yahie of "r" will change when the active dectrode 1 4 contacts tissue, the higher the 
value of "r" the greater the propensity of the electrode assend>ly 12 to enter the 
vaporisation mode. When RF power is applied to the electrode assembly 12 the fluid 
medmm heats up. Assuming the fluid mec&um is normal saline (0.9% w/v), the 
20 temperature coeificient of the fluid medium is positive, so that the corresponding 
impedance coefiBdeni is negative Thus, as power is applied, the impedance initially &Us 
and continues to fall with increasing power to point "B", at which poim the saline in 
intimate contact with the dearode assembly 12 reaches boiling point. Small vapour 
bubbles form on the surface of the active electrode 14 and the impedance then statu to 
25 rise. After point -B", as power is increased further, the positive power coeflSdem of 
impedance is dominant, so that increasing power now brii^ about increasing impedance. 

As a vapour pocket forms frbm the vapour bubbles, there is an increase in the power 
doisity at the residual dectrode/saSne mterfece. There is, however, an exposed area of the 
30 active dearode 14 not covered by vapour bubbles, and this further stresses the interface, 
producing more vapour bubbles and thus even higher power density. This is a mn-away 
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condition, with an equilibrium point only occurring once the electrode is completely 
envaoped in vapour. For given set of varaWes. there is a power threshold before this new 
equilibrium can be reached (point 'C"). 

5 The region of the graph between the points "B" and "C". therefore, represents the upper 
Unrit of the desiccation mode. Once in the vaporisation cquilibrhim state, the impedance 
rapidly increases to around 1000 ohms, with the absolute value dependii^ on the system 
variables. The vapour pocket is then sustained by disdarges across the vapour pocket 
between the active electrode 14 and the vapour/saline inter&ce. The majority of power 
1 0 dissipation occurs vwtWn this pocket, vnth consequent heating of the active electrode 14. 
The amount of energy disripation. and the size of the pocket, depends on the output 
voluge. If this is too low. the pocket will not be sustained, and if it is too high the 
electrode assembly 12 wiU be destroyed. Thus, in order to prevem desmiaion of the 
electrode assembly 12. the power output of the genenHor I must be reduced once the 
15 impedance has readied the point "D". It should be noted that if the power is not reduced 
at this point, the power/impedance curve win continue to cfimb and electrode destrucrion 
would occur. The dotted line E imficates the power levd above whidi dectrode 
destmcrion is inevitable. As the power is reduced, the impedance faBs until at point "A", 
the vapour pocket collapses and the electrode assembly 12 reverts to the desiccation mode. 
20 At this point, power dissipation within the vapour pocket is insuffident to sustain it. so that 
direa contact between the active electrode 14 and the saline is re-established, and the 
impedance falls dramaticaUy. The power density a the active dectrode 14 also falls, so 
that the temperature of the saline falls bdow boiling point. The dectrode assembly 12 is 
then in a stable desiccation mode. With the generator described in the spedficaiion of our 
25 coiiending British patent appHcation 9604770.9, the output is 350 to 550 volts peak for 
the vaporisation mode, and about 1 70 volts peak for the desiccation mode. 

It wM be apparent that the dectrode unit El of Figure 1 can be used for desiccation by 
operating theunii in the region of the gnvh between the poirt -0- anda poim in the re^^ 

30 between' the points "B" and "C'. In this case, the dectrode assembly 12 would be 
introduced into a sdeaed operation site with the acave dectrode 14 adjacem to the tissue 
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10 be treated, and with the tissue, the active electrode and the return electrode 18 
immersed in the saline. The RF generator 1 would then be activated (and cyclically 
controlled as described in the specification of our co-pending British patent application 
9604770.9) to supply sufncieni power to the elearode asscmby 12 to maintain the saline 
S adjacent to the aaive electrode 14 at. or just below, its boihng point without creating a 
vapour pocket surrounding the active tip. The electrode assembly would then be 
manipulated to cause heating and dessication of the tissue in a required region adjaccm to 
the acrive electrode 1 4. The electrode unit El can be used for vaporisation in the region 
of the graph between the point "D" and the dotted line F which constitutes the level below 
10 whidi vaporisation cannot occur. The upper part of this curve is used for tissue removal 
by vaporisation, li should also be appreciated that the elearode unit El could be used for 
cutting tissue. In the cutting mode, the electrode unit El still operates with a vapour 
pocket, but this pocket is much smaller than that used for vaporisation, so that there is the 
least amount of tissue damage commensurate with cutting. Typically, the generator 
1 S operates at ^ut 270 volts peak for cutting. 

The temperature generated at the aaive electrode 14 is of the order of ISOO^C in the 
vaporisation mode, so that the active electrode is made of a material that can withstand 
such high temperatures. Preferably, the aaive elearode 1 4 is made of tungsten, planmim 
20 or a platimim alloy (such as piatinum/mdium or platinum/tungsten). 

Figure 3a illustrates schematically the use of the electrode unit El of Figure 1 for tissue 
removal by vaporisation. Thus, the elearode unit El creates a sufficiemly high cnerjsy 
density at the active elearode 14 to vaporise tissue 22, and to create a vapour pocket 24 
25 suritnmding the acdve electrode. The formation ofthc vapour pocket 24 creates about a 
lO-foW increase in contaa impedance, with a consequcm increase in o Arcs 
26 are created in the vapour pocket 24 to complete the csroiit to the return dccirode 18. 
Tissue 22 which contacts the vapour pocket 24 wiU rcprcscm a path of least dccirical 
resisumce to complete the droiit. The closer the tissue 22 comes to the aaive elearode 
30 14, the more energy is concoitrated to the tissue, to the extern that the cells explode as 
thev are smtck by the arcs 26. beewse the return path through the conduaix-e fluid (saline 
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in this case) is blocked by the high impedance barrier of the vapour pocket 24. The saline 
sohition also acts to dissolve the solid produas of vaporisation. 

Figure 3b illustrates schematically the use of the eiectrode unit El for tissue desiccanon. 
5 In the desiccation mode, output powrer is delivered to the electrode assembly 1 2 in a first 
output range, so that current flows from the active electrode 14 to become heated, 
preferably to a point at or near the boiling point of the saline sohition. This creates smaU 
vapour bubbles on the surace of the active electrode 14 that increases the impedance 
about the active electrode. 

10 

The body tissue 22 typicaUy has a lower impedance than the impedance of the combination 
of vapour bubbles and saline solution adiacem to the active electrode 1 4 When the active 
electrode 14 surrounded by small vapour bubbles and saline solution is brought into 
comaa with the tissue 22. the tissue becomes pan of the preferred electrical current path. 
15 Accordingly, the preferred current path goes out of the active electrode 14 at the point of 
dsue comact. through the tissue 22. and then back to the return electrode 1 8 via the saline 
sohnion. as shown by the current path lines 28 in Figure 3b. 

The invention has particular appUcation in dessicating tissue. For tissue desiccating, one 
20 preferred approach is to contact only part of the active electrode 14 to the tissue 22. with 
the remainder of the active electrode remaining remote from the tissue and surrounded by 
saline sohnion. so that current can pass from the active electrode to the return electrode 
18 via the saiine solution, without passing through the tissue. For example, in the 
embodiment shown in in Figure 3b. only the distal portion of the active elecBode 14 
25 contacts the tissue 22. with the proximal portion remaining spaced away from the tissue. 

The imremion can achieve desiccation with no or mtninol charring of the tissue 22. When 
the active electrode 1 4 comacts the tissue 22. current passes through the tissue, causing 
ihe tissue at. and around, the comact point to desiccate. The area and volume of 
30 desiccatedussueSOexpandsgenerallyradiallyoutwardlyfromthepoimofconiacl. As 
thetissue22isdesiccated.iilosesitsconductivity. As the area and volume of desiccated 
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material such as siainiess steel. The fiiamenis of the brush electrode 34 are much longer 
(lOmm as compared with 5mm) than the filaments of the brush electrode 14, as the 
electrode unit E2 is intended primarily for desiccation. In this embodiment, the 
retumiactive ratio is variable from > 2:1 in the "closed" form to < 1:1 in the "splayed* 
5 form. The electrode assembly 32 also includes a ceramic insulation sleeve 36. a return 
electrode 3 S and an outer insulating sheath 40. The active elecmide 34 is a brash 
electrode whose dp is flexible to provide a reproducible tissue effect which is substamiatty 
independent of the application angle of the electrode with respea to the suroce of the 
tissue T (see Figure 4c). Thus, the flexibility of the aaive electrode 34 results in 
1 0 diflFercmial coniaa areas of the active electrode dependent on the applied pressure. For 
example. Figure 4a shows the bmsh elecurode 34 "closed" during the appiicaxion of Ught 
pressure, and Figure 4b shows the brush "splayed" by firm tissue pressure. Ttes enables 
the creation of a broader surgical effert than the diameter of the elearode 34 would 
otherwise allow, thereby reducing treatment time. Figures 4a to 4c also show the rcnira 
1 5 path P for the current flow from the active electrode 34 to the return electrode 3 8 via the 
conductive mecfium. 

This large variation in the retum:active ratio is a feature which cannot be supponed by 
conventional bipolar designs. This variation in ratio can occur because the conductive path 
20 to complete the electrical circuit is maintained by the low impedance of the electrode 
contact with the conductive fluid operating mecfium. In order to sustain the low impedance 
transfer of RF energy to the tissues, the RF generator must be controlled in such a way that 
vapour pockets cannot form at the interface between the active electrode and the tissue. 
This allows the tissue contact to be continually wetted by the conductive fluid so tiiat, 
25 whilst the tissue water is removed by thermal desiccation, the impedance reaches 

fimit determined by a point just below a vohage threshold above which vapour pockcu will 
start to form. This, contened with the greater insulation separation between die active and 
renim cledrodes, enables this type of electrode unit to dehver much higher powers 
effectively to the tissue for a given electrode dimension than any known electrode umt. 

30 
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Figures 5a and 5b show the third form of elearode unit E3 This unit E3 is a modificaiion 
of the electrode uriit E2. and its electrode assembly 42 inciudes an active electrode 44 
which is constituted by plurality of filamems made of stainiess steel. The active electrode 
44 is. therefore, a bmsh elearode and the filaments of this electrode are of a similar length 
5 to the filaments of the brush electrode 32. The electrode unit E3 is. therefore, intended 
primarily for desiccation. The electrode assembly 42 also includes a ceramic insulation 
sleeve 46. a return electrode 48 and an outer insulating sheath 50. The insulation sleeve 
46 is made of a ceramic material and. like the insulation sleeve 16 ofthe electrode unit El. 
it upers towards the distal end of the electrode assembly 42. Figure 5a shows the 
10 electiode unit E3 in a non^perationai position, and Figure 5b shows the unit in desiccating 
mode against tissue T 

Figures 6a and 6b show a fourth form of elecuode unit E4 whose electrode assembly 52 
inchides an extensible aaive electrode 54 in the form of a brush electrode. The filamems 
15 of the brush electrode 54 are made of tungsten, plaiimmt, plawnHn/tungsten or 
platinum/iridhmi. The electrode unit E4 also includes a ceramic insulation sleeve 56. a 
return elearode 58, and an insulating sheath 60. As shown in Figure 6a. the active 
electrode 54 can be withdrawn substamiaUy within the insulation sleeve 56 so that only the 
free end portions of its filaments are exposed. With the active electrode 54 in this position, 
.0 the electrode unit E4 can be used ,o vaporise tissue in the mamier described above w«h 
reference to Finire 3. On the other nand. if the active electrode 54 is extended (see Figure 
6b). so dm its filaments extend fiiHy from the disud end of the sleeve 56, the electrode umt 
E4 can be used for desiccation. The ratio ofthe contaa areas ofthe rewm to active 
electrodes of the unit E4 can, therefore, be varied between the fiilly retracted actnre 
05 electrode position (m which the .atio is high and the unit is used for vaporisation), and the 
extended poshion (in which the ratio is low and the unit is used for desiccafion). The umt 
E4 achieves its dual fimctionality by varying the extern by which the filaments 

electrode 54 are extended. Dual fimcrionaBty could also be achieved by varying «»al 
separation between the active electrode 54 and the retun. electrode 58 (for exanqrfe by 
30 varying the length ofthe insulation sleeve 56). With a large extension ofthe filaments of 
the active electrode 54 or with a large axial electrode separation, a large electnc field .s 
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created s that more tissue is afFecied. With no extension of the filamcnis of the active 
electrode 54 or with a reduced electrode separation, a smaller eiearic field is produced, 
and is used for cutting or vaporisation in circumstances where no collateral thermal 
damage to tissue is desirable. The larger electric field pattern is desirable for desiccation. 
5 or in circumstances where the desiccation of collateral tissue is desirable to prevcm 
haemoiThage firom a cut surface. 

Depending upon the ratio of the retum:active electrode area, therefore, the brush electrode 
of the invention can have a dessicaiion fimction (as exemplified by the embodiments of 
10 Figures 4 and 5). a vaporisation funaion (as exemplified by the embodiment of Figure 3), 
or a dual desiccation/vaporisation fimction (as exemplified by the embodiment of Figure 

6). 

As indicated above, the primary use for the dcsiccaung brush is in providmg a flexible, 
15 broad area electrode for desiccating large irregular areas of tissue. The requiremcm to 
treat such areas occurs in hysteroscopic surgery • desiccation of the endometrial lining of 
the uterus, and in urological surgery - desiccation and shrinkage of bladder diverdcular. 
In both instances, the electrode is introduced through the working channel of the 
endoscope. 

20 

Introduction of the desiccating brush with a long and flexible, filamentary stmcwrc can 
prove problematical when the working channel of the endoscope is angled or includes steps 
in the inner bore. This can deform the brush filaments which, once insened. cannot be 
adjusted and may not conform to the area of tissue to be treated. Bending back of the 
25 filaments may also inadvertently create an electrical shon to the return dectrodc. 

Whilst preserving the desired fijnaions of flexibility and contact area gcoinetry dependent 
on the pressure of appUcaiion, the basic desiccating brtish can be modified to overcome 
this problem. For example, the brush filamcms can be amply twisted togeihw Preferably, 
30 however, the filaments are welded together at their distal ends as shown in Figure 7 whidi 
shows a fiffli form of electrode unit E5. The deoiode unit ES indudcs an active dectrodc 
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64 in the form of a brush electrode whose filaments are made of planninn. 
pUtinum/tungsten or platinum/tridium The distal ends 64a of the filaments are wdded 
together as shown in Figure 7a This prevents distortion of the filaments in the working 
channel of an endoscope, wnilst pemmting bowing of the filaments (as shown in Figure 7b) 
5 to increase tissue contaa area. The elearode unit E5 includes a ceramic insulation sleeve 
66. a rctura electrode 68 and an outer insulating sleeve 70 

In the dual function brush elearode. the remmraciive decirodc area can be elevated to a 
level which is capable of producing tissue vaporisation. Obviously, with a very small active 
10 electrode area at the extreme of this range, the amoum of tissue which can be desiccated 
becomes too smaU to be pracocalW uscnil. If. however, the ratio is configured in the mid- 
range, then the same electrode can be used to produce both effective desiccation and ii«ie 
removal by vaporisation The short brush described in Figure 1 is one example of such a 
dual purpose dearode. Given that the filaments camiot be fiAricated in stainless steel to 
15 supponvaporisation.tungstenfilamem$arethepreferredmaterialtnthe5hoitb^ 
to their rigidity overcoming the issues of distortion during imroduciion. Platinum alloys 
withstand the high vaporisation tcmperamres better than tungsten but, due to their 
nexibility and the annealing process during use, camiot be used in the sboit brush fern. 
Platinum aUoy dual-fimction brush-type electrodes, therefore, require the modifications of 
20 twisting, braiding, or welding of the distal tips to prcvem distortion. 

These combined multi-fimctional brush electrode forms arc particularly uscfiil iii removing 
nanourmassesorpolypscncoumeredduringhysteroscopicandurologicalsurgery. They 

can vaporise the mmour bulk, incise the stalks of polyps, and desiccate any bleeding 
25 vessels or the base of the tumour without the need to change electrodes. 

In these multi-fimctional forms, the active electrode area is maximised for desiccation 
whilst stiB being capable ofvaporisation or cutting fimcrions. The minimum ratio depends 

on fbitf impwtam critera. namely: 

30 

1 The intrinac impedance of the target tissue. 
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2. The vohime of the body cavity. 

3 . The contiguration of the active elearode. 

4 The maximum output power from the RF generator. 

5 The configurauon of the active" elearode obviously imluences the ratio, with cylindrical 
forms representing the lowest ratio for a given length, but the other faaors relate to the 
inabiUty of the electrode to retain a vapour bubble. The filaments of the brush-type 
electrodes retain vapour bubbles, which helps maintain the vaporisation condition. 

10 An arthroscope decirode may be charaoerised as short (100-140mm). rigid with a 
working diameter up to 4nun. It can be introduced through a stab incision into a joint 
cavity (with or without a cannula) using the triangulation technique. When an arthroscope 
indudes a brush electrode of the type described above, it is operated with a motion which 
commonly moves the bnish electrode betv»«en the 9 o'clock and 3 o'clock positions on the 
1 5 anhroscopic image. As a result, the tissue to be treated is commonly approached at a 
shaUow working angle with respect to the axis of the electrode. The electrode for 
axtboscopy thus needs to have an effea consistent with this angled approach to the tissue. 
The tissue to be treated, such as meniscal canUage, is conunonly dense and of a high 
elearicaJ impedance, such tissue having a free edge representing a common injury site 
20 where o-eaiment is required. The drawback of known arthroscope elearodcs which are 
soUd form electrodes is that, because the joint spaces are commonly small (the joint spaces 
in the knee being typically 60-100 mis under fluid distension), the vapour bubbles 
generated are large and tend to cause problems with visualisarion. 

25 Figure 8 shows an arthroscope electrode unit E6 constructed in accordance with the 
invention. The electrode unit E6 includes an aciwe electrode 74 which is constituted by 
a phirality of filaments made of mngsien or an aUoy of tungsten or platnnim. The active 
(brush) electrode 74 is conneaed to an RF generator (not shown) via a central copper 
conductor (also not shown). A ceramic insulation sleeve 76 surrounds the central 

30 conductor, the filaments 74a of the brush elearode passing along the insulation sleeve and 
extending laieraBy therefrom through a oii-out 76a. A return electrode 78. which is 
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constituted bv the distal end of the umrument shaft, surrounds the proximal end of the 
sleeve 76. An outer insulating coating 80 (which would be poiyvinylidene fiuonde. a 
polvimide. poWtetrafluoroethylene. a polyolefin, a polyester or ethylene 
tetrafiuoroethvlenei surrounds the proximal portion of the shaft adjacent to the renim 
5 eleorode 78. The remm electrode 78 is formed with a hood-like extension 78a which 
extends over the surace of the sleeve 76 which is opposite to the cut-out 76a. The 
clearode unh E6 caa thus, provide maximum tissue engagement for shallow workmg 
angle appUcations. and is known as a side-effea electrode. 

10 Bcca„seofthehi«herimpedanceofthetarsettissue.thearthroscopic^^^^^ 

electrode shoula'suppon a lower ratio than electrodes designed for hysteroscopic and 
urolodcal applications where the tissue is more vascuUr. Reducing the rauo does^ 
hcnve;«.haveonedntwbackinbodycavitiesofsmanvolume.suchas 
is typically 60-80 mis, and that is heating of the surrounded irrigant or distension fluid. 
,5 Heating occurs primarUy during the appHcation of power to reach the vapomaaon 
4«told. Oncethethresholdhasbeenreached.thepowerrequireme«typicallyM^ 
30.50%. Reducing the electrode ratio increase, the power requirement to reach the 
d^ld so thaL despite the high impedanccof the target tissue/it is ^ 

the ratio to the lowest vahie capable of supporting vaporisation. 

I„ addition, the high impedance is due to U«:k of vasculanty of such tissues as meni^al 
cartilage. Except, therefore, when musde or synovial tissue is being treated the p^^^ 
of theathroscopicbnishelectrode is that it should provide rapid d^^ 
^avaso^^e. Desiccate limcdonaUty is not a requirement of «.ch an ins^ 
.5 indeed, verv shon ririd brush electrodes with electrode ratios greater than 

desirable. THe only reason for not elevating the ratio further is the need to engage die 
™«nmo amoum of tissue and simultaneously reduce procedure tmie. 

A,hor.tigidbrushelectrode(ofthetypedesaibedabovewi*referenc^ 
30 Figure 6a) can be thought of as an end-effect clecrode which has us«ie de^g 
orecisionwiih minimal thermal spread. Consequently. « can be used to create discrete 
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holes in tissue, ihereby to create an access channel to ussue deep to the surfece. as may be 
required as part of an interstitial ablation technique on a tissue mass such as a prostate 
adenoma or a uterine nbroid (myolysis). This use of a vaporising, end-effea, technique 
enables only the fibroid to be removed by complete debulking leaving a resection margin 
5 conforming to the "false capsule" of the fibroid. No normal ussue is removed and. due to 
control of collateral thermal effects at the endometrial reseaion margin, the scarring is 
reduced to a minimum, thereby increasing what chances there were of restoring fertility. 
Additionally, of course, vaporisation does not produce resection chippii^s to interfere with 
visualisation and prolong the procedure through the need to wash them out once the 
10 resection is completed. Conventional loop elearode reseaoscopes require removal of 
normal tissue surrounding such fibroids, and this is disadvantageous because it increases 
the chance of bleeding, the risk of utenne perforation and the scarring of the uterus. TWs 
latter aspect is particularly undesirable when the procedure is being performed in an 
attempt to restore fertility. 

15 

Alternatively, a short, rigid brush electrode can be used to debulk a tumour (such as a 
fibroid, a bladder mmour or a prosutte adenoma), or it can be used whh the multiple 
puncture or driUing technique. In this case, after removing the intrauterine portion, the 
imramural portion can be treated by creating ("drilling") a series of holes into the abnonnal 
20 tissue whether, for exampie. this is a fibroid or prosutic adenoma. To assess the depth of 
penetration, maris may be provided on the electrode shaft at measured distances from the 
tip. and hence to compare the depth of penetration against the preoperative resulB of tests 
performed to establish size of the tumour or adenoma. The residual tissue bridges will 
shrink as pan of the healing process. Whilst not removing the whole tumour, this 
25 technique is safia- and quicker than nanoving the entire fibroid or prostatic adenoma, when 
treatmem is being performed either for menorrhagia or bladder outflow obstniciion. 
respectively. 

Another problem with woriting in the confined space of a joint cavity is in preventing 
30 damage to adjacent stiucnires. paniculariy when the vaporising effett is enhanced, and 
bodi the tissue density and application angle make engagement and location difficult. This 
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proieaion feamre is imrinac in the side-eifeci brush of Figure 8. when the insuiauon sleeve 
76 protects tissue above, below and beiund the active electrode window 76a which only 
occupies a small arc of the cross-seaional form (as shown in Figure 9). 

5 Fisure 10 shows the electrode assembly of the sevemh form of elecuode unit E7. This 
electrode assembly includes a central tissue ueatment (aaive) electrode constituted by a 
phiraliiy of filamems made of tungsten or an aUoy of tungsten or platinum, a upered 
ceramic insidanon sleeve 86, a rennndearode 88, and an outer insuiatix« sieevc 90. The 

insulation sleeve 86 is formed with a pair of diametrically-opposed, fprwardW-extending 
10 wings 86a which projea beyond the active electrode 84. The filamems constimting the 
active electrode 86 extend only a short distance from the distal end of the insulation sleeve 
86, thereby constimting a veiy shon bnish electrode. The electrode unit E7 has. therefore, 
a large remmzactive electrode ratio, so that this electrode unit is mtended primarily for a 
tissue removal by vaporisation. The electrode unit E7 is particularly usefiil for 
1 5 electrosurgical operations on meniscal cartilage or any other dongate laminate structure 
which is to be treated from the side, as the wings 86a can be used to trap the cartilage 
against the active electrode 84. The configuration of the wings 86a also assistt in 
prevmtingunnecessaiy exposure of the active electrode 84, whidi may otherwise damage 
acUacem structures when working in the confined spaces commonly encoumered in 
20 endoscopic surgery 

Figures lla to 1 Id show dghth. ninth, tenth and eleventh forms of electrode unit E8 to 
Ell, eadiof whfch incorpoiates an aaive deorodc in the form of a coiled spring filamem 
94. The deorodc uniis E8 to Ell eadi indudes an insulation sleeve 96, a rcoiin deorode 
25 98andaninsulamgsheaihl00. The deorode unit E8 of Figure lla is similar to thax of 
Figure 5a. bdng imended primarily for desiccation; and the deorode unit E9 of Figure 1 lb 
is 'simibr to that of Figure 1. bdng imended primarily for vaporisarion. The deorode unh 
ElO of Figure I Ic is simihir to that of Figures 8 and 9, in that the coil deorode 94 is 
formed in a a«-out 96a formed in the side of the insulation sleeve 96. and the return 
30 deorode 98 is formed with a hood-like exioision 98a whid. extends over the surfiu* of 
the sleeve 96 whid> is opposite to the cutKiut 96a. The deorode unit ElO can. thus. 
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provide maximum tissue engagement for shallow working angie applications, and is 
another form of ride-efFea electrode. The electrode unit El 1 of Figure I Id is similar to 
that of Figure 10. in thai the insulation sleeve 96 is formed with a pair of diaroetricaiiy- 
opposed^ forwardiy*extending wings 96b. In each of these embodimoits. the active 
5 electrode 94 is made of an alloy of platinum. 

The electrode unhs ES to Ell are similar to the bnish-type electrodes of Figures 1 to 10, 
and have similar surgical effects, apait from the &ct that they eUminate the risk of splaying 
(wMdi is advantageous in certain electro-surgical procedures). They have, however, the 
1 0 advantage of simpliiying the assembly procedure, particularly when using platinum alloy 
materials. 

It will be apparent that modification could be made to the electrosurgical tnstniments 
described above. For example, the insulation sleeves 16, 36. 46. 56, 66, 76, 86 and 96 
1 5 couU be made of a silicone nibber (such as a alicone polyurethenc). glass, a polyimidc or 
a thermoplastics material. 
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i. An eiearosurgicai instrument for the treatment of tissue in the presence of an 
elecuically-conductive fluid medium, the instrument comprising an instmmcni shaft, and 
5 andeorode assembly at one end of the shaft, the eiectrode assembly compnsing a tissue 
treaunem electrode and a return electrode which is elearically insulated from the tissue 
ueauneni electrode by means of an insulation member, the tissue treatment electrode being 
exposed at the distal end portion of the instrument, and the return decirode having a fluid 
comaa surfece spaced proximaUy from the exposed end of the tissue treatment electrode 
10 by the insulation member, wherein the exposed end of the tissue treatmem deorode is 
constituted by a piurality of tissue treaunem filamentary members made of an eieciricaUy- 
conduaive matenal the filamentary members being dcctrically com.ected to a common 
electrical supply conductor. 

15 2. Andearosurgicdinstnjmemasdaimedindaiml.whereinaplundityofsepar^ 
individual filaments constitute the filamentary mend>ers. 

3. An dectrosurgical instrumem as claimed in daim 2. wherdn the filamems eadi 
have a length lying vnthin the range of from 0. 5 mm to 5 mm. 

^\ An dectrosurgical msuument as daimed in daim 2 or daim 5, wherdn the 
fdaments each have a diameter lying within the range of from 0.05 mm to 0.3 mm. 

5 Andectrosurdcdinsuumemasdaimedindai«l.whei«nasiDglecoiled 

25 constimtes the filamentary members, the coils of the filament constitutins the filamemaiy 
members. 

6 An dectrosurdcal instrument as daimed in any one of claims I to 5, wherein the 
filamentary members extend longitudinaUy from the extreme distal end of the instmment. 

30 
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- Anelccirosur«caimstn:memasda:medmanyoneofdaans I to 5. wherein the 
flamentaxy members extend laterallv through a cut-out formed in a side surface of the 
insulation member adiacem to the distal end thereof. 

An electrosureical instrumem as claimed in claim 7. wherein the return electrode 
is formed with a hood-like extension which extends over the surface of the insulation 
member wWch is opposite the cut-out. 

9 An electrosureical instrumem as claimed in any one of d«ms 1 to 6. wherdn the 
,0 fiUunemaiymembersaremoumedwithintheinsulationmemberinsuchamanner 

are axialW movable relative to the .nsulation member between a first operating posmon. 
in which *ey extend panially from the msularion member, and a second operating postuon. 
in which they extend fully from the insulation member. 

Anelectrosurgicalinstn,memasdaimedina„yoncofclain«Uo6,whe«n^ 
insulation member is formed with at least one wtng. the or each wing extending dtstaliy 
from the insulation member to project beyond the tissue treatment dectrode. 

„. An dearosurdcal instrumem as claimed in daim 10. wherein the insulation 
20 member is formed with a pair of diametrially-opposed wings. 

n An dectrosurmcal instrument as claimed in any one of daims , to U, wherein the 
■ common electrical ;,pp.y conductor is a central conduaor, the in^Uation mc»ber 
surrounding ihe central conducior. 

a..„^ men»« a.. n«4. of PW"^ 
platinum/tungsten or platinum/cobalt. 
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15. .\n clecirosurgical insimmeni as ciairoed in any one of claims I lo 12. wherein the 
filamentary members are made of tungsten. 

16. An electrosurgical instrument as claimed in claim 2. v»*erein the filaments eadi 
5 have a length lying within the range of from 5mm to 1 0mm. 

17. An eiearosurgical instrument as claimed in ciaim 16. wherein the filaments are 
made of stainless steel. 

10 18. An dectrosurgical instrument as claimed in any one of claims I to 17. wherein the 
insulation member is made of a ceramic material. 

19 .^01 electrosurgical insuumcnt as claimed in any one of claims I to 17. wherein the 
insulation member is made of silicone rubber. 

15 

20. An electrode unh for an electrosurgical insamnem for the treatment of tissue m the 
presence of an dectiically-conductive fluid medmm. the electrode unit comprising a shaft 
having at one end means for com>eaion to an instrument handpiece, and. mourned on the 
other end of the shaft, an electrode assembly comprising a tissue treatment electrode and 
20 a return electrode which is electrically insulated from the tissue treatment electrode by 
means of an u«ulation member, the tissue weatment electrode being exposed at the d«al 
end portion of the instrument, and the return electrode having a fluid com«:t surftcc 
spaced proximaUv from the exposed end of the tissue treaimem elecm>de by the insulation 
member, wherein the exposed end of the tissue treatment electrode is constimted by a 
05 pluralitv of tissue tream>ent filamentary members made of an electticaUy-condudve 
material the filamentary members being electrically comiected to a common dectncal 
supply conduaor. 

21. Electrosurgical apparanis comprising a radio frequency generator and an 
30 electrosurgicai msmiment for the ueatment of tissue in the pressure of an electrically- 
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assembly at one end of the shaft, the elearode assembly comprising a tissue treatment 
electrode and a return electrode which is eiectrically insulated from the tissue treatment 
eiecnode by means of an insulation member, the tissue ireaimem elearode being exposed 
at the distal end portion of the instrument, the return electrode having a fluid contaa 

5 surface spaced proximally from the exposed end of the tissue treatment electrode by the 
insulation member, and the radio frequency generator having a bipolar output connected 
to the electrodes, wherein the exposed end of the tissue treannent electrode is constituted 
by a phirality of tissue treatment fflamemary members made of an electiicaUy-conductive 
material the filamentary members being electrically conneaed to the radio frequency 

1 0 geawator by a common electric supply conduaor. 

22. Apparams as claimed in claim 2 1 . wherein the radio frequency generator indudes 
comrol means for varying the output power delivered to the clecuodes. 

15 23. Apparatus as claimed in claim 22. wherein the comrol means is such as to provide 
output power in first and second output ranges, the first output range being for powering 
the electrosurgical instmmem for tissue dessication. and the second output range being for 
powering the electrosurgical instrumem for tissue removal by vaporisation. 

20 24. Appaiams as claimed in claim 23. wherein the first output range is from about 150 
volts to 200 volts, and the second output range is from about 250 volts to 600 vohs, the 
volt^e being peak volt^es. 
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